The stress distribution on the surface of a four unit gold bridge was determined by reflection photoelasticity. The highest stress concentration was at the soldered joints. The distribution of stress was a function of the support of the abutment teeth. Good support caused the bridge to function as one that was fixed at both ends, whereas poor support caused it to function as a cantilever beam.
In stress analysis applications emphasis is placed on careful determination of the stresses for the improvement of design. In nondestructive testing importance is placed on reliability and quality, and as a result of this, observation of surface strains is of interest.
Earlier photoelastic studies by El-Ebrashi et al [1] [2] [3] [4] [5] [6] [7] concerned, for the most part, two dimensional photoelasticity. In two dimensional studies a plastic model must be built, whereas the photoelastic coating method has the advantage of using the structure itself. The technique of photoelastic coatings is basically a method that provides a visual display for the observation and measurement of stress distribution on the surface of parts under load.8 In this study a four unit posterior gold bridge was coated and the magnitudes of the strains were recorded at several locations as a function of load and position of loading.
clinic fringes. The reflection polariscope consists of two polarizing lenses and two quarter wave lenses; the polariscope in this arrangement is circular and isochromatic fringe patterns are observed. When the two quarter wave lenses are removed a plane polariscope results and both isochromatic and isoclinic fringe patterns are observed; the former give the magnitude of the stress and the latter the direction of the stress. A high intensity white light is directed to the part under investigation. The light travels through the polarizer and the first quarter wave lens. On reaching the coated model the light travels through the coating, is reflected off a reflective cement, and travels back through the coating, the quarter wave lens, the analyzer, and finally to the observer (Fig 1) .
When the coated model is observed under load, a colored pattern similar to those seen in two or three dimensional photoelastic studies is seen. A typical pattern is shown in Figure 2 , top, for the area of the posterior soldered joint. A sketch of the interference patterns is shown in Figure 2 , bottom, where the zero, first, and second order fringes are indicated. The half-order fringes are yellow, whereas the whole-order fringes occur between red and blue. The spectrum of colors is repeated for each fringe with the wholeorder fringes always at the red to blue transition. The interference patterns permit the determination of the magnitude, as well as the direction of the stresses, in a manner similar to that used in transmission photoelasticity.
The photoelastic material used in this study was a two component material, consisting of a resin, PL-8, and a hardener, 
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1255 material is to determine the strain necessary to produce one fringe per unit thickness. The calibrator is a precision instrument that provides an accurate means of determining the strain-optical coefficient K. The K factor can be measured to within +0.001 or to within ±1% for K = 0.100. As was mentioned earlier, the plastic to be calibrated, A (Fig 3) , is bonded to an aluminum 2024-T4 bar (B), 0.250 + 0.001 thick and 1 inch wide. The bar is then introduced in the calibrator and loaded as a cantilever beam by a counterclockwise rotation of the handle (C). The angular position of the loading screw is shown on the precision dial disk (D X 17,600 = 2270 X 10-6 in/in (2) where v is Poisson's ratio (v = 0.33 for Al), and oz -= 0.
In the middle plane of the plastic coating the strains are (Ex -Fy)plastic E -Ey) uncoated structure X C2 (3) where C2 is obtained from a chart supplied by the maunfacturer of the resin.* For example when the thickness of the plastic, t., The properties of the plastic coating and adhesive given by the manufacturer are listed in Table 1 . The experimentally determined K factor of the plastic and adhesive was K = 0.078.
Once the plastic was calibrated the coated four unit posterior gold bridge was loaded with 100 pounds, with the help of an Instron, at five different locations as shown in Figure 4 . N, the fringe order, was recorded at three different sites on the lingual and the buccal side. Since the load could not be applied directly on the plastic coating, holes with a diameter of 0.085 inches were drilled at the five loading sites before cementation. 
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The gold bridge was described in an earlier paper. 9 The silicone lining around the roots of the abutment teeth was replaced after measurements were taken on the lingual side because of flow of the liner. The replacement was necessary because of numerous loadings required to develop the technique, particularly the photographic reproduction of the fringes. The bridge had porcelain facings and the photoelastic coating covered them and the gold surfaces on the buccal aspect of the bridge. Measurements on the buccal surface were taken in a period of a few days since the technique presented no problems at this time.
Color photographs were taken of the interference patterns and the fringe order was established by the use of a digital compensator.
Results
The fringe order at sites A, B, and C on the lingual surface are plotted as a function of the location of a 100 pound concentrated load on the five sites of loading (Fig 5, a) . The fringe order is also plotted as a function of the site of observation (Fig 5, b) . When the load was moved from the posterior to the anterior positions the fringe order for site C decreased until the load was just anterior to site C. The fringe order at site A did not vary greatly but was slightly higher at loading positions 3 and 5. When the fringe order at site B was determined, it was high when loaded at sites 3 and 4.
The fringe order at sites A, B, and C on the buccal surface are plotted as a function of the location of loading (Fig 6, a) and the observed sites (Fig 6, b) . As the loading site was moved from 1 to 5, the fringe order at site A increased from 0.5 to 2.0; the fringe order at site B increased only when the bridge was loaded at positions 4 and 5, with the higher value at site 4. When site C was examined the fringe order increased from loading positions 1 to 3 followed by a decrease at 4 and another increase at 5. The principal strains were calculated for several combinations of loading and obser- 
Discussion
The interference patterns observed on the coated bridge confirmed previous observations of two dimensional photoelastic models7 that the soldered joints of a bridge are subjected to high strains and that the gingival portion of the pontics are essentially under no strain. These observations result from the nonuniform geometry of the dental bridge.
To interpret the plots of the fringe order vs loading site or loading location it is important to recognize the effect of the silicone rubber lining around the roots of the abutment teeth. To simplify the understanding of the data, the bridge can be thought of as a beam fixed at both ends. The silicone lining permitted the supporting teeth to rotate slightly under load and Figure 7 , a illustrates the behavior of the bridge under load. When the load was applied to position 1, the fringe order, N, was a maximum at B, but when the load was moved to position 2 less bending occurred because of the shortening of the moment arm. At location 5 it was expected that N at B would be approximately equal to N at B for loading at location 1, and Figure 5 , b confirms this expectation.
It should be noted that the fringe order, N at C, as a result of the load at 5, was higher than N at position A at locations 1 or 2; this effect is such because at C there is the combined effect of bending and compression. When the load was applied at position 4, more bending was caused than at position 3, and therefore N was larger. The fringe order at A was higher when the bridge was loaded at position 3 because there was the combination of compression and bending.
The silicone lining was replaced before The strain concentration was at the soldered joints. The magnitude of the strain and the behavior of the bridge were dependent on the support provided by the roots of the abutment teeth. When the roots of the abutment teeth were extremely well adapted to the lining, the bridge functioned as a beam fixed at both ends. When the roots of the abutment teeth adapted only reasonably well to the lining, the bridge functioned as a cantilever beam fixed at the end with the best support.
